Abstract We present the cases of three patients with colorectal cancer who were treated with combined chemotherapy regimens containing S-1. Eye disorders developing as adverse effects of anticancer drugs can be resolved by discontinuation of the causative anticancer drugs, although the disorders may be irreversible in some cases, thereby necessitating early diagnosis and prompt treatment. Medical oncologists must pay attention to eye disorders caused by the anticancer drug S-1. It is necessary to refer patients with eye disorders suspected to be caused by an anticancer drug immediately to an ophthalmologist, because of the possibility of injury to the cornea and/or lacrimal duct.
Introduction
S-1 is a key oral anticancer drug used in the treatment of gastrointestinal cancer [1] [2] [3] ; the drug consists of a mixture of a prodrug of 5-fluorouracil (5-FU), namely tegafur (FT), and two modulators, viz. 5-chloro-2,4-dihydroxypyridine (CDHP) and potassium oxonate (Oxo). S-1 exerts high antitumor effects and elicits fewer adverse events, especially fewer gastrointestinal adverse events, than intravenous 5-FU. On the other hand, Esmaeli et al. [4] reported the occurrence of severe canalicular stenosis and nasolacrimal duct blockage after S-1 therapy. Ito et al. [5] reported the development of corneal epithelial lesions following treatment with S-1. The SPIRITS trial also reported the occurrence of eye disorders (epiphora) at a comparatively high rate (17.6 %) in patients receiving treatment with S-1. Thus, medical oncologists must begin to pay attention to these eye disorders associated with S-1, including epiphora, keratitis, eye pain, etc. We present two cases of corneal epithelial disorders that developed after the start of treatment with the anticancer drug S-1, to emphasize the need for regular follow-up of such patients to avoid irreversible visual loss.
Case report

Case 1
A 62-year-old man who was admitted to our hospital with the chief complaint of melena was diagnosed as having rectal cancer (Table 1) . Miles operation was performed on 1 July 2009, and the pathological findings were as follows: Locus Rb, type 2, 4.5 9 5 cm, tub1, pA, ly1, v3, N1 (1/47), pStageIIIA. Adjuvant UFT/L-leucovorin (LV) chemotherapy was administered from 5 August 2009 to 2 February 2010. Computed tomographic follow-up revealed multiple lung metastases and a solitary liver metastasis 6 months after completion of the adjuvant chemotherapy. First-line Bmab ? SOX chemotherapy was initiated [bevacizumab (Bmab): 7.5 mg/kg on day 1, 1 h intravenous infusion (iv); oxaliplatin (L-OHP): 130 mg/m 2 on day 1, 2-h iv, S-1: 80 mg/m 2 from days 1 to 15, orally]. Re-evaluation by CT after 15 courses of chemotherapy revealed progression of the lung metastatic lesions. Therefore, the patient was started on second-line Bmab ? IRIS chemotherapy (Bmab: 7.5 mg/kg on day 1, 1-h iv; CPT-11: 150 mg/m 2 on day 1, 1.5-h iv; S-1: 80 mg/m 2 from days 1 to 15, orally) from 14 November 2011. After 5 courses of the second-line chemotherapy, the patient presented with epiphora. He was diagnosed as having keratitis caused by S-1 on 6 June 2012 at our department of ophthalmology. S-1 was immediately discontinued, and from the 7th course of chemotherapy onward, the patient received chemotherapy without S-1 (Bmab ? CPT-11). Although this resulted in improvement of the corneal epithelial disorder, the patient continues to suffer from residual visual disorder. On ophthalmological examination, the patient's best corrected visual acuity was 20/60 in the right eye and 20/25 in the left eye. Slit-lamp examination showed superficial punctate keratitis in the upper area in the right eye, and hurricane keratitis in the upper and temporal areas of the left eye. The hurricane keratitis has been improving without S-1 chemotherapy gradually (Fig. 1a) .
Case 2
A 69-year-old man who was admitted to our hospital complaining of abdominal fullness was diagnosed as having ascending colon cancer (Table 1) . Right proctocolectomy was performed on 1 June 2012. The pathological findings were as follows: Locus A, type 2, 3.3 9 3 cm, tub1-2, pSE, ly1, v1, N1 (1/29), pStageIIIA. Adjuvant SOX chemotherapy (oxaliplatin: 130 mg/m 2 on day 1, 2-h iv; S-1: 80 mg/m 2 on days 1-15, orally) was started 5 weeks after the surgery. During the second course of chemotherapy, on 4 August 2012, the patient complained of eye pain and dyspnea and was immediately admitted to our hospital. He was diagnosed as having keratitis caused by S-1 on 6 August 2012 at our department of ophthalmology. SOX therapy was discontinued immediately, and the corneal epithelial disorder has not progressed since. Ophthalmological examination revealed the following findings: the best corrected visual acuity was 20/20 in the right eye and not beyond hand motion in the left eye. Slit lamp examination showed hurricane keratitis in the upper temporal areas and mature cataract in both eyes (Fig. 2a) .
Case 3
A 63-year-old woman who was admitted to our hospital with perforation of the colon and was diagnosed as having sigmoid colon cancer (Table 1 ). Light proctocolectomy . Second-line chemotherapy was initiated by 11 courses of Bmab ? FOLFIRI (Bmab: 5 mg/kg on day 1, 1-h iv; CPT-11: 150 mg/m 2 on day 1, 1.5-h iv; iv 5-FU: 400 mg/m 2 on day 1; civ 5-FU: 2400 mg/m 2 on day 1-2) because of the lung metastatic lesions. Actually, if her v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog (KRAS) were wild-type, we should administer chemotherapy with anti-epidermal growth factor receptor (EGFR) drugs (i.e., cetuximab, panitumumab). Unfortunately, her KRAS was mutated (codonG12A). Therefore, the patient was started on third-line chemotherapy (Bmab: 7.5 mg/kg on day 1, 1-h iv; CPT-11: 150 mg/m 2 on day 1, 1.5-h iv; S-1: 80 mg/m 2 from days 1 to 15, orally). After 2 courses of the third-line chemotherapy, the patient presented with epiphora. He was diagnosed as having keratitis caused by S-1 on 26 August 2012 at our department of ophthalmology. S-1 was immediately discontinued, and from the 3rd course of chemotherapy onward, the patient received chemotherapy without S-1 (Bmab ? CPT-11). Although this resulted in improvement of the corneal epithelial disorder, the patient continues to suffer from residual visual disorder. On ophthalmological examination, the patient's best corrected visual acuity was 20/40 in the right eye and 20/25 in the left eye. Slit-lamp examination showed superficial punctate keratitis in the upper area in the right eye, and hurricane keratitis in the upper and temporal areas of the left eye (Fig. 3a) . 
Discussion
In Japan, S-1, an oral anticancer drug, is frequently used in adjuvant chemotherapy for advanced gastric cancer (ACTS-GC [1] ), systemic chemotherapy for advanced and recurrent gastric cancer (SPIRITS trial [2] ), non-small cell lung cancer (LETS trial [3] ), pancreatic cancer (GEST trial [6] ), etc. S-1 is composed of a mixture of FT, a prodrug of 5-FU, CDHP, and Oxo. CDHP reversibly inhibits degradation of 5-FU by dihydropyrimidine dehydrogenase (DPD), resulting in sustained high serum concentrations of 5-FU, thereby enhancing the antitumor activity of FT. Oxo is selectively distributed to the gastrointestinal tract, where the drug in high concentrations inhibits orotate phosphoribosyltransferase, which phosphorylates 5-FU to its active metabolite in humans. Inhibition of this enzyme reduces the gastrointestinal toxicity of 5-FU [7] . The cytocidal mechanism of 5-FU is roughly divided into inhibition of DNA synthesis and RNA dysfunction. The former is known to depend on the duration of exposure to 5-FU, whereas the latter depends on the concentration of 5-FU [8] . It is possible to achieve sustained high concentrations of 5-FU in patients with S-1, although adverse effects are still induced in sensitive organs and tissues [7, 9] . Bone marrow suppression, skin rash, gastrointestinal toxicities (anorexia, nausea, vomiting), and fatigue have been reported as the major adverse effects of S-1 therapy [7, 10] , with the alimentary tract mucosa and skin, both of which are multilayered epithelia consisting of cells with high metabolic turnover rates, being especially sensitive to the drug toxicity [11, 12] . Corneal epithelial disorder associated with S-1 was reported by Esmaeli et al. [4] in 2005. Ito and Tanaka [5] were the first in Japan to report a case of corneal epithelial disorder caused by S-1.
Kurihara et al. [12] reported that there are two kinds of drug-induced corneal epithelial disorders, namely sheetlike lesions and superficial punctate keratopathy (SPK)-like lesions. The ophthalmologist diagnosed SPK-like lesions caused by S-1 in three cases in this study. Several solid cancers (gastric, colon, lung, breast, etc.) are treated with S-1 or capecitabine. The reported incidence rate of S-1-induced corneal epithelial disorders is 2.8 % (3/108). On the other hand, the estimated incidence rate of capecitabine-induced corneal epithelial disorders in 2012 was zero (total 87 cases).
However, the potential of combined S-1 or capecitabine therapy to cause corneal epithelial disorders could be overlooked, and caution is necessary to detect eye manifestations in patients receiving this therapy. In addition, it has been reported that ocular toxicity frequently involves rapidly dividing corneal epithelial cells, corneal epithelial stem cells, and lacrimal duct epithelial cells, like in the patients reported in this study. However, the symptoms and timing of onset of ocular toxicity are variable. Symptoms include eye pain and visual disturbance in corneal disorders, and metamorphopsia (distorted images) and micropsia (small images) in retinal disorders. Tachibana et al. [13] classified corneal epithelial disorders associated with TS-1 into 4 groups, type I to IV, and assessed the timing of onset and characteristics of the toxicities in these groups: type I, within 3 months after the start of treatment with TS-1, Thygeson's superficial punctate keratitis-like punctate lesions dispersed over the whole cornea; type II, 3 months to 1 year after the start of treatment with TS-1, mainly hurricane-type superficial punctate keratopathy with an epithelial crack line; type III, 3 months to 1 year after the start of treatment with TS-1, white elevated lesions; type IV, 3 months to 1 year after the start of treatment with TS-1, mainly semicircular to circular lesions based on the corneal limbus. According to this classification, case 1 in this study was categorized as type II, because the clinical symptom of metamorphopsia (distorted images) developed approximately 1 year after the initiation of TS-1 treatment and hurricane-type superficial punctate keratopathy with an epithelial crack line was mainly observed by slit-lamp microscopy. Case 2 and 3 were also categorized as type II, because the patient developed the clinical symptom of eye pain within 3 months of the start of TS-1 treatment and hurricane-type superficial punctate keratopathy was mainly observed by slit-lamp microscopy. In addition, Tachibana et al. [13] described that continuation of S-1 in patients with corneal disorders may lead to irreversible corneal changes.
In regard to the treatment, the ophthalmologist recommended discontinuation of S-1 and prescribed diquafosol sodium and fluorometholone eye drops. When we discontinue S-1, these eye disorders improve gradually (Figs. 1b,  2b, 3b ).
Since case 2 had undergone surgery, it was possible to postpone or even discontinue the adjuvant chemotherapy. On the other hand, in case 1 and 3, it was impossible to stop systemic chemotherapy, because of the risk of recurrence of rectal cancer. We discussed change to another oral anticancer drug, capecitabine. Capecitabine is metabolized in a three-step process to the active agent, 5-FU, a known ocular irritant [14, 15] . Although ocular irritation has been reported in 10 % of patients receiving capecitabine, it is difficult to change between oral and infusional FU. Actually, the rate of incidence of eye disorders associated with S-1 treatment is higher than that associated with capecitabine treatment. Why do eye disorders occur at a higher frequency with S-1 treatment? We guess that the reason will be the structures of the anticancer agents. S-1 contains CDHP, which reversibly inhibits degradation of 5-FU by DPD, resulting in sustained high serum concentrations of 5-FU in the blood. Sustained high concentrations of the drug are associated with an elevated risk of development of corneal epithelial disorders. We therefore avoided using FU drugs in our patients; discontinuation of FU-based drug is recommended in similar cases. Alternatively, another anticancer drug caused the eye disorders. Johnson et al. [16] reported that persistent corneal epithelial defect is associated with erlotinib. Maculopathy is associated with docetaxel [17, 18] , paclitaxel [19] [20] [21] , and tamoxifen [22, 23] . Optic nerve disorder is associated with 5-FU [24] , paclitaxel [25] , and tamoxifen [26, 27] . In the attached document information, each drug causing impairment of the visual acuity is listed, less than visual impairment 5 % or frequency ignorance together.
At present, oral FU drugs (S-1 and capecitabine) are key drugs used in the treatment of gastrointestinal cancer. Medical oncologists are often called upon to treat advanced and recurrent cancers. The onset of eye disorders in particular can deteriorate the quality of life of cancer patients. Therefore, attention must be paid to the possible development of eye disorders during treatment with S-1 or other anticancer drugs. It is necessary to refer such patients with eye disorders promptly to an ophthalmologist and postpone anticancer drug S-1, because of the possibility of injury to the cornea and/or lacrimal duct.
